The J Anomaly Ridge is a structural ridge or step in oceanic basement that extends southwest from the eastern end of the Grand Banks. It lies beneath the J magnetic anomaly at the young end (M-4 to M-0) of the M series magnetic anomalies. Its structural counterpart beneath the J anomaly in the eastern Atlantic is the Madeira-Tore Rise, but this feature has been overprinted by post-middle Cretaceous deformation and volcanism. In order to study the origin and evolution of the J Anomaly RidgeMadeira-Tore Rise system, we obtained seismic refraction and multichannel reflection profiles across the J Anomaly Ridge near 39øN latitude. The western ridge flank consists of a series of crustal blocks downdropped along west-dipping normal faults, but the eastern slope to younger crust is gentle and relatively unfaulted. The western flank also is subparallel to seafloor isochrons, becoming younger to the south. Anomalously smooth basement caps the ridge crest, and it locally exhibits internal, eastward-dipping reflectors similar in configuration to those within subaerially emplaced basalt flows on Iceland. When isostatically corrected for sediment load, the northern part of the J Anomaly Ridge has basement depths about 1400 m shallower than in our study area, and deep sea drilling has shown that the northern ridge was subaerially exposed during the middle Cretaceous. We suggest that most of the system originated under subaerial conditions at the time of late-stage rifting between the adjacent Grand Banks and Iberia. The excess magma required to form the ridge may have been vented from a mantle plume beneath the Grand Banks-Iberia rift zone and channelled southward beneath the rift axis of the abutting Mid-Atlantic Ridge. Resulting edifice-building volcanism constructed the ridge system between anomalies M-4 and M-0, moving southward along the ridge axis at about 50 mm/yr. About M-0 time, when true drift began between Iberia and the Grand Banks, this southward venting rapidly declined. The results were rapid return of the spreading axis to normal elevations, division of the ridge system into the separate J Anomaly Ridge and Madeira-Tore Rise, and unusually fast subsidence of at least parts of these ridges to depths that presently are near normal. This proposed origin and evolutionary sequence for the J Anomaly Ridge-Madeira-Tore Rise system closely matches events of uplift and unconformity development on the adjacent Grand Banks.
INTRODUCTION

Predrift
Multichannel Seismic Reflection Measurements
The multichannel seismic (MCS) reflection equipment aboard R/V Conrad consisted of a 2400-m-long, 48-group streamer, four 466 in 3 airguns, and a DFS IV digital recording system. The airguns were fired at 127 kg/cm 2 (1800 psi) every 18-20 s at a ship's speed of 9 km/hr. Shot points were located by satellite navigation and dead reckoning. The data were recorded digitally on magnetic tape at a 4-ms sampling rate and over a recording window of 8-12 s; the data window started just before the seafloor arrival. Common depth point (CDP) processing of the data tapes was done at LamontDoherty Geological Observatory. Standard processing included demultiplexing and CDP gather, semblance velocity analysis, normal moveout correction, stack, and deconvolution as described by Talwani etal. [1977] .
Airgun-Sonobuoy Measurements
Over the 5000-m-deep Sohm Abyssal Plain, the 2.4-kin hydrophone array is too short to resolve sediment interval velocities accurately, and SSQ-41A sonobuoys were used to provide velocity/depth information Le Pichon et al., 1968] . These analog recordings were obtained at two frequency bands on a shipboard drum recorder. In addition, refracted waves generated by explosive charges were recorded as oscillograms at several sonobuoy locations and plotted on time-distance diagrams; these data sets were obtained as a by-product of shooting to ocean bottom hydrophones.
Ocean Bottom Hydrophone Measurements
Ocean bottom hydrophone (OBH) measurements were made by using the Lamont-Doherty prototype instrument [Carmichael et al., 1977] . The OBH is a lightweight, internally recording, pop-up system that separates from a combination ballast-weight/power-supply by a time release mechanism. Anchored about 2 m above the seafloor, it allows increased resolution of crustal velocity structure and reduced ambiguity in travel time data compared to drifting sonobuoys. For our project, the OBH was modified to permit 12 hours of continuous recording and was fitted with a magnetostrictive pinger for location and navigation purposes [e.g., Francis et al., 1975] . The smooth acoustic basement between the irregular basement ridge and anomaly M-0 is distinctly different from smooth basement farther west because it locally exhibits internal reflectors that dip and diverge toward the east ( Figure 5 ). Intrabasement reflectors elsewhere often appear to be peg-leg multiples generated by a double travel path within the sediment column, but the dipping reflectors cannot be explained in this manner. West of the irregular basement ridge the smooth basement also appears to contain internal reflectors, but it is difficult to distinguish primary events from multiples because the structure has no significant dip. Although the basement surface there is much smoother than normal, it nevertheless has some small-scale roughness (indicated by hyperbolic diffractions) that may be partially masked by thin, high-velocity sedimentary beds or basalt flows.
The overall morphologic development of the J Anomaly Ridge system is not strictly parallel to seafloor isochrons. In Table 1 Given this geologic history, it is reasonable that the ridge crest farther south, in our survey area, also formed near sea level. Basement depth at site 384, isostatically corrected for sediment loading, is 4100 m. This is only 1400 m shallower than the comparably corrected basement depth of 5500 m over the southern part of the ridge. Thus while the M-2 age crust at site 384 was Subsiding toward sea level, the M-1 to M-0 age crust farther south probably was accreting at sea level. Crustal accretion and erosion at zero depth seem to provide the best explanation of the available geological and geophysical observations. The analogous development of the J Anomaly Ridge and the 'Iceland phenomenon' extends beyond basement structure. The vertical and horizontal scales of the two systems are very much the same (Figure 8) , and there is obvious similarity in the southward deepening axes of the J Anomaly and Reykjanes Ridge systems, with resultant southward pointing, V-shaped bathymetric patterns. These larger scale trends suggest that the J Anomaly Ridge system was formed by a mechanism like that responsible for the Iceland system.
Iceland is thought to result from effusion of excess magmas above a mantle plume or hot spot [e.g., Morgan, 1981] . In addition, increasing axial depths and systematic changes in chemistry of Reykjanes Ridge rift-axis basalts southwest from Iceland both have been attributed to the presence of the sub-Icelandic mantle plume [e.g., Schilling, 1973; Vogt, 1974 Vogt, , 1976 . These authors suggest that the ascending mantle-plume melts,which normally would migrate radially from the hot spot, are preferentially channeled into 'pipe flows' along and beneath the rift axis of the mid-ocean ridge. Head loss and progressive mixing of primary and mantle-plume melts away from the plume account for the observed topographic and geochemical effects. Vogt [1974] A second possible source for the magma is a large zone of partial melting beneath the GB-Iber rift system. The eastward relative movement of the Mid-Atlantic Ridge crest with respect to the GB-Iber rift zone may have brought the spreading axis to a location where it 'tapped' this melt zone. However, it is not clear that this kind of magma source would be volumetrically important in the absence of a mantle plume.
Presuming that the kinematic evolution, if not the dynamic mechanism of ridge formation proposed above, is valid, we can outline the following geologic history for the J Anomaly Ridge system as it related to the adjacent GB-Iber rift zone. Before considering the mechanism by which the anomalous magnetization was produced, we should discuss its source. The absence of any significant gravity anomaly over the J Anomaly Ridge and the normal velocity structure (excepting the thickened layer 2B) eliminate the possibility that the anomaly is produced by intrusions of dense materials such as intensely magnetized gabbros or chromiumspinel-bearing ultrabasic rocks [Tucholke and Vogt, 1979] . However, induced magnetization caused by the presence of a large body of serpentinized peridotitc cannot be discounted. Similarly, emplacement of unusually magnetized rocks because of late-stage magma differentiation, thermal boundary effects, or passage over a mantle plume are viable alternatives. Finally, an unusually thick magnetic layer may be present. This possibility may be supported by the presence of a layer 2B that is up to 2 km thick beneath the J Anomaly Ridge, compared with about 1-km thicknesses in both younger crust [Houtz and Ewing, 1976] The edifice-building volcanism that formed these ridges migrated southward at about 50 mm/yr, constructing much of the ridge system to and above sea level. This construction and migration appear to have been triggered when the eastward moving Mid-Atlantic Ridge axis arrived at and 'tapped' a large magma source (possibly a mantle plume) beneath the GB-Iber rift zone. The mantle plume concept most readily explains both the large magma source necessary to form the ridge system and the eventual formation of the J magnetic anomaly.
The evolution of the J Anomaly Ridge/Madeira-Tore Rise system is intimately related to the GB-Iber rift-drift sequence. The widespread 'synrift' unconformity over the adjacent continental margins appears to be laterally continuous with a subaerially eroded unconformity developed on oceanic crust of the J Anomaly Ridge and probably the Southeast Newfoundland Ridge. The short, sharp 'breakup unconformity' [Falvey, 1974] at or shortly following M-0 is manifested on the J Anomaly Ridge by brief subaerial exposure of Aptian reefal carbonates and by truncation of the corners of tilted fault blocks. On the adjacent continental margins the breakup unconformity mostly is superimposed on the 'synrift' unconformity, but in deeper basins it may not be present, depending upon local uplift/subsidence histories.
Following the initiation of true drift between Iberia and the Grand Banks, the J Anomaly Ridge, the Madeira-Tore Rise, and probably other adjacent oceanic and continental crustal segments subsided at rates significantly greater than those expressed by the normal t •/2 relation. The northern part of the oceanic J Anomaly Ridge and the continental crust beneath the adjacent Grand Banks subsided at very similar rates [Gradstein et al., 1977] . However, other crustal seg-ments appear to have had significantly different subsidence rates (even within the J Anomaly Ridge), and a single regional subsidence curve may not be applicable.
The model developed here agrees with available geological and geophysical data but needs further testing. Probably the best tests will be found in carefully planned seismic refraction and multichannel seismic reflection surveys across the proposed ocean-continent boundaries around the Grand Banks. Although similar work in the eastern North Atlantic will be useful, it must contend with Late Cretaceous and Tertiary tectonic and volcanic modification of crust caused by relative plate motions within the 'Eurasian plate' and between Eurasia and Africa.
